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Description

[0001] The invention relates to an induction heating
unit for a cooking device, in particular for an induction
cooking device, more particularly for an induction hob,
to a corresponding induction cooking device, and to a
method for operating an induction heating unit.

[0002] For an induction heating unit for a cooking de-
vice, in particular for an induction hob, in order to have
a power delivery that is as much lossless as possible at
a high level of power, the electric components in the in-
duction heating unit are chosen to resonate at a frequen-
cy corresponding to high level of power.

[0003] However, this has the drawback in the fact that
is not possible to resonate at low levels of power with
acceptable losses.

[0004] Hence, a pulsed power mode might be imple-
mented with a period of order of ten of seconds in which
the induction heating unit operates at a minimum contin-
uous power for a part of the period as active part and
stays off for the other part of the period as non-active part.
[0005] In this way, the average power delivered to a
cookware can be less than the minimum continuous heat-
ing power, but a possible disadvantage of this approach
is that the cooking experience might be poor as food can
become overcooked in the active part and undercooked
in the non-active part.

[0006] EP-A-1951003 discloses a method of powering
two resonant tanks simultaneously. According to one em-
bodiment, three sequence steps of duration T1, T2 and
T3 are executed. During the first sequence step both res-
onant tanks are powered, during the second sequence
step only one of the resonant tanks is powered and during
the third sequence step none of the two resonant tanks
are powered.

[0007] The objectis solvedin particular by an induction
heating unit according to claim 1 and by a cooking device
according to claim 14 as well the method according to
claim 15. Improvements are provided in the dependent
claims.

[0008] The invention relates in particular to an induc-
tion heating unit for a cooking device, in particular for an
induction cooking device, more particularly for an induc-
tion hob, comprising

- atleastone resonant tank with atleast one induction
heating element,

- a power requesting unit for requesting a power of
the at least one induction heating element,

- adriving unit for driving, in particular in at least one
operating mode, the resonant tank, in particular by
oscillating the resonant tank by means of a switching
element (or: switching unit), by a driving signal com-
prising a series of subsequent sequences for gen-
erating a heating power, each sequence comprising

o a first subsequence with a first alternating sig-
nal and with a first subsequence duration, caus-
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ing an activation of the resonant tank with a pre-
determined power,

0 a subsequent second subsequence with an at
least essentially non-alternating signal and with
a second subsequence duration, causing a de-
activation of the resonant tank and

0 a subsequent third subsequence with a sec-
ond alternating signal and a third subsequence
duration, causing an activation of the resonant
tank with less than the predetermined power.

[0009] Hence, low power can be delivered smoothly
by an induction heating unit for a cooking device, in par-
ticular for an induction cooking device, more particularly
for an induction hob. On the other hand, in particular,
noise and/or thermal losses can be avoided or at least
reduced by the repeated activation and deactivation of
the resonant tank according to the invention.

[0010] In particular embodiments, the heating power
is generated corresponding or at least essentially equal
to or in a predetermined relation to the or a requested
power.

[0011] In particular embodiments, the driving signal
toggles and/or is configured to toggle, in particular in or
during one, two, at least one, at least two or each sub-
sequence(s), between at least one first driving state, in
particular resulting in or effecting a partly or gradually
closed state or in an at least essentially closed state of
the switching element, and at least one second driving
state, in particular resulting in or effecting an opened or
in an at least essentially opened state of the switching
element, preferably with a first, second and/or third drive
frequency.

[0012] In particular, the first driving state is determined
by a first driving signal parameter, preferably by a first
driving signal voltage or by a first driving signal current.
In particular, the second driving state is determined by a
second driving signal parameter, preferably by a second
driving signal voltage or by a second driving signal cur-
rent.

[0013] In particular, the first driving state and/or the
second driving state vary between the first, the second
and the third subsequence.

[0014] In particular, the first driving signal parameter
and/or the second driving signal parameter vary between
the first, the second and/or the third subsequence.
[0015] In particular, the first driving state and/or the
second driving state of the third subsequence vary com-
pared to the first driving states and/or the second driving
states of the first subsequence and the second subse-
quence. In particular, the first driving state and/or the
second driving state of the first subsequence is/are at
least essentially identical to the first driving state and/or
the second driving state of the second subsequence.
[0016] In particular, the first driving signal parameter
and/or the second driving signal parameter of the third
subsequence vary compared to the first driving signal
parameters and/or the second driving signal parameters
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of the first subsequence and the second subsequence.
In particular, the first driving signal parameter and/or the
second driving signal parameter of the first subsequence
is/are atleastessentially identical to the first driving signal
parameter and/or the second driving signal parameter of
the second subsequence.

[0017] In particular, the first driving signal voltage
and/or the second driving signal voltage of the third sub-
sequence is lower or higher than the first driving signal
voltage and/or the second driving signal voltage of the
first subsequence and/or the second subsequence.
[0018] More in particular, the first driving signal voltage
of the third subsequence is or can be lower than the first
driving signal voltage of the first subsequence and/or the
first driving signal voltage of the second subsequence.
[0019] More in particular, the second driving signal
voltage of the third subsequence is or can be the same
voltage or at least essentially the same voltage as the
second driving signal voltage of the first subsequence
and/or the second driving signal voltage of the second
subsequence.

[0020] In particular, the first driving signal voltage
and/or the second driving signal voltage are (or: corre-
spond to) gate voltages of the switching element. As an
example, the first driving signal voltage can be a voltage
which closes the switching element, in particular drives
it to a closed state, whereas the second driving signal
voltage can be a voltage which opens the switching ele-
mentor leaves itopen, in particular drives it to an opened
state.

[0021] In particular embodiments, the switching ele-
ment is or comprises a transistor, more in particular an
insulated gate bipolar transistor, IGBT.

[0022] Hence, in particular, noise at turn-on of the in-
duction heating element and/or noise on activation of the
resonant tank can be further reduced. In particular, the
switching element is gradually closed by gradually, pref-
erably linearly or at least essentially linearly, increasing
the first driving signal voltage, preferably from a prede-
termined first voltage value to a predetermined second
voltage value. More in particular, the switching element
is or can be gradually closed by gradually increasing the
first driving signal voltage over a predetermined number
of pulses or periods of the first driving signal.

[0023] In particular embodiments, in at least one op-
erating mode, the first subsequence duration and the
second subsequence duration are selected such that a
variation and/or the reduction of the heating power is in
a predetermined range, in particular such that the varia-
tion and/or the reduction of the power in relation to the
requested power is more than a predetermined minimum
variation and/or reduction and less than a predetermined
maximum variation and/or reduction. By this, preferably,
the cooking result can be improved, as the corresponding
variation and/or reduction of the cooking temperature can
be limited, in particular while still avoiding or at least re-
ducing noise and/or thermal losses due to the repeated
activation and deactivation of the resonant tank.
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[0024] In particular, the minimum variation and/or re-
duction of the power can be 3%, more in particular 5%.
In particular, the maximum variation and/or reduction of
the power can be 30%, more in particular 20%, more in
particular 10%.

[0025] In particular, the heating power is generated at
least essentially corresponding to the requested power.
[0026] In a particular embodiment, as an example, for
arequested and/or continuous power of 1000W, the min-
imum reduction of the heating power can be 3%, corre-
sponding to a power reduction of at least 30W, i. e. to a
power of 970W or less, whereas the maximum reduction
of the heating power can be 30%, corresponding to a
power reduction of 300W or less, i. e. to a power of 700W
or more. More in particular, for a power reduction be-
tween 3% and 30%, for an assumed requested and/or
continuous power of 1000W, the reduction of the power
will or can result in a power between 700W and 1000W.
[0027] In particular, a subsequent sequence is a se-
quence which immediately follows a previous sequence,
so that more in particular the first sequence is immedi-
ately followed by the second sequence and/or the second
sequence is immediately followed by the third sequence
and/or the third sequence is immediately followed by the
first sequence.

[0028] In embodiments, at least one resonant tank is
supplied with power by a pulsed supply signal, in partic-
ular a pulsed DC supply signal, more in particular a
pulsed DC bus supply signal, In particular, a pulsed DC
supply signal comprises DC pulses, wherein a DC pulse
is a rectified half-period of an external AC supply signal,
in particular of an AC supply signal with in input voltage
of 110 to 240 V and a frequency of 50 to 60 Hz. In par-
ticular, the rectified AC supply signal is smoothened by
a filter unit, in particular a DC capacitor. As an example,
a DC pulse may have a pulse length between 5ms and
20 ms, in particular between 8ms and 10ms.

[0029] Especially, the heating power is an effective
heating power and/or an average heating power, in par-
ticular averaged over one, at least one, two, at least two,
ten or at least ten periods of an AC supply signal and/or
averaged over a period of 20ms, at least 20ms, 40ms,
at least 40ms, 100ms, at least 100ms, 200ms or at least
200ms, more in particular dependent on the AC supply
signal frequency.

[0030] In particular embodiments, the heating power
is or can be an effective heating power and/or an average
heating power, in particular averaged over a period of 1
to 10 DC pulses. In embodiments, 1 to 10, more in par-
ticular, 2 to 9, DC pulses over a period of 10 DC pulses
contribute or can contribute to the average of power.
[0031] In particular embodiments, one or more (1 to
10) DC pulses over a period of 10 DC pulses contribute
or at least can contribute to the average of power, in
particular to the effective heating power and/or the aver-
age heating power.

[0032] In particular embodiments, the DC pulse dura-
tion depends on the AC voltage frequency. Preferably,
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the AC voltage frequency is 50Hz or 60Hz.

[0033] In particular embodiments, for a frequency of
50Hz, the period is 20ms and a DC pulse duration is
10ms, so that when the heating power is an effective
heating power and/or an average heating power aver-
aged over five periods, it is averaged over 100ms.
[0034] In particular embodiments, for a frequency of
60Hz, the period isabout 16.6ms and a DC pulse duration
is about 8.3ms, so that when the heating power is an
effective heating power and/or an average heating power
averaged over five periods, it is averaged over about
83ms.

[0035] The actual heating power or instantaneous
heating power can vary, for example due to the oscillation
of the AC supply signal. Hence, the minimum duration
for measuring an effective heating power can especially
be atleast one period or at least two periods, in particular
1 to 10 periods of the AC supply signal.

[0036] The heating power is in particular an electrical
power consumed by the induction heating unit and/or at
least essentially transferred to a cooking vessel.

[0037] Especially, the heating power can vary in a pre-
determined range between a predetermined minimum
variation and a predetermined maximum variation.
[0038] In embodiments, the actual or instantaneous
heating power varies between a predetermined power,
in particular a minimum continuous heating power during
the first subsequence and at least essentially a zero pow-
erduring the second subsequence as a power difference.
[0039] Inembodiments,the minimum continuous heat-
ing power is the minimum continuous heating power
where the losses, in particular thermal losses in the in-
duction heating unit, more in particular in the switching
element, are below a predetermined value, in particular
below 20%.

[0040] In particular, the switching element is or at least
can be a switching unit.

[0041] Theresonanttankin particular has aresonance
frequency which is determined by the capacitive element
and the inductive element which is also influenced by the
coupling with a cooking vessel arranged on the induction
heating unit.

[0042] Inembodiments, the first subsequence with first
alternating signals starts at a first starting time of a first
DC pulse and ends at a second starting time of an, in
particular subsequent, second DC pulse, with a first sub-
sequence duration, a first drive frequency, a first duty
cycle and/or a first Ton time.

[0043] In general, a Ton time can also be expressed
as an ON time. A Ton time is preferably the pulse duration
of a signal or the duration in which a signal is active.
[0044] Preferably, the switching element is closed
and/or in a closed state during the ON time or Ton time.
Preferably, the switching element is opened and/or in an
opened state during the OFF time or Toff time.

[0045] In general, a Toff time can also be expressed
as an OFF time. A Toff time is preferably the duration
between two pulses of a signal or the duration in which
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a signal is inactive.

[0046] In particular, the first subsequence duration is
determined by or at least essentially equal to the duration
of the first DC pulse or determined by or at least essen-
tially equal to the added duration of multiple DC pulses.
[0047] Inembodiments, the second subsequence with
non-alternating signals starts at the second starting time
of the/a second DC pulse and ends at an activation start
time, at a third subsequence duration before a third start-
ing time of a third DC pulse, in particular at a third sub-
sequence duration between the second starting time of
a second DC pulse and the third starting time of the DC
third pulse, with a second subsequence duration, a sec-
ond drive frequency of at least essentially zero, a second
duty cycle of at least essentially zero and/or a second
Ton time of at least essentially zero.

[0048] The second subsequence duration is preferably
determined by the duration of the second DC pulse or
equal to the added duration of multiple DC pulses, minus
the third subsequence duration.

[0049] In embodiments, the third subsequence with
second alternating signals starts at an activation start
time, a third subsequence duration before the third start-
ing time of a third DC pulse, between a second starting
time of a second DC pulse and a third starting time of the
DC third pulse, and ends at the starting time of the third
DC pulse, with a third drive frequency as well as duty
cycles and/or a Ton time increasing from the third duty
cycle or third Ton time to the first duty cycle or first Ton
time.

[0050] In particular, the third subsequence duration is
less than 30%, in particular less than 20%, more in par-
ticular equal to 10% or less than 10% of the DC pulse
duration.

[0051] In embodiments, the first alternating signal is a
pulse wave and/or comprises a, in particular constant,
first drive pulse length, in particular Ton time and/or Toff
time and/or a first duty cycle and/or first frequency,
wherein the first alternating signal generates the prede-
termined power, that could be in particular the minimum
continuous heating power by means of the resonant tank.
[0052] In particular, the first duty cycle causes an ac-
tivation of the resonant tank with a predetermined heating
power, for example a minimum continuous heating pow-
er, by generating an oscillation of the resonant tank.
[0053] If, however, the first Ton time and/or the first
duty cycle would be further reduced, the switching losses
are increased, as the switching is performed in the so
called hard switching region, wherein an atleastrelatively
large voltage is switched together with at least relatively
large current.

[0054] In particular, the duty cycle is between 15% and
50%, more in particular between 20% and 40%, more in
particular between 25% and 30%.

[0055] In particular, the pulse length is between 15%
and 50%, morein particular between 20% and 40%, more
in particular between 25% and 30% of the wavelength at
the resonance frequency. In other words, for each period
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of the driving signal, the switching element is in a closed
state only between 15% and 50%, more in particular be-
tween 20% and 40%, more in particular between 25%
and 30% of the wavelength at the resonance frequency.
[0056] In embodiments, the at least essentially non-
alternating signal with a second pulse length, a second
duty cycle and a second frequency at least essentially
deactivates or shuts off the resonant tank. In particular,
the non-alternating signal is or can be a constant signal,
which is more in particular constantly zero.

[0057] In embodiments, the second duty cycle causes
a deactivation of the resonant tank, as due to the zero or
at least short opening time based on the zero or at least
short pulse length, a charging or discharging of the ca-
pacitive element and hence an activation of the resonant
tank does not occur.

[0058] In particular, the second duty cycle is or can be
between 0 and 1/10, more in particular between 0 and
1/30, more in particular between 0 and 1/100. In other
words, for each period of the driving signal, the switching
element is in a closed state only between 0 and 1/10,
more in particular between 0 and 1/30, more in particular
between 0 and 1/100 of each switching period.

[0059] In particular, the pulse length is between 0 and
1/10, more in particular between 0 and 1/30, more in par-
ticular between 0 and 1/100 of the wavelength at the res-
onance frequency. In other words, for each period of the
driving signal, the switching element is in a closed state
only between 1/1000 and 1/10, more in particular be-
tween 1/1000 and 1/100, more in particular between
2/1000 and 20/1000 of the wavelength at the resonance
frequency.

[0060] As an example, for a resonance frequency of
20kHz, the period or wavelength of the driving signal is
or can be 50ns. Hence, for example, the pulse length
and/or the duration wherein the switching element is in
a closed state, in particular during the second duty cycle,
is or can be between Ons and 5ns. Correspondingly, for
this example of the second duty cycle, for each period,
the switching elementisin an opened state between 45ns
and 50ns. In particular embodiments, the switching ele-
ment is or can be not driven into the closed state at all
during the second duty cycle.

[0061] In particular, the wavelength at the resonance
frequency is the inverse value of the resonance frequen-
cy.

[0062] In embodiments, the second alternating signal

comprises increasing third drive pulse lengths, in partic-
ular increasing third Ton times, increasing third duty cy-
cles and/or an, in particular at least essentially constant,
third drive frequency and/or generates a heating power
starting from less than to at least essentially equal to the
minimum continuous power in the resonant tank.

[0063] In embodiments, the third drive pulse lengths
and/or third duty cycles and/or an Ton times are in par-
ticular increasing linearly and/or stepwise from a first third
drive pulse length and/or a first third duty cycle and/or a
first third drive Ton time on the one hand to a second

10

15

20

25

30

35

40

45

50

55

third drive pulse length and/or a second third duty cycle
and/or a second third drive Ton time.

[0064] In particular, the second third duty cycle or sec-
ond third Ton time is at least essentially identical to the
first duty cycle or the first Ton time.

[0065] In particular, the first and/or third drive frequen-
cyis/are or can be different from the resonance frequency
of the resonant tank. In particular, the drive frequency
depends on the power request and/or on the requested
power. More in particular, at minimum continuous power
or at minimum not pulsed power, the drive frequency is
not at resonance and/or the drive frequency is not the
resonance frequency of the resonant tank.

[0066] In particular, a resonance detection means de-
tects an oscillation duration of the resonance tank, in par-
ticular by determining a dropping of the voltage in the
resonance tank.

[0067] In particular, a Toff time of a signal is obtained
by the difference of the oscillation duration or oscillation
period and/or of the inverse of the drive frequency of the
signal on the one hand and of the Ton time of the signal
on the other hand.

[0068] In particular, the first duty cycle and/or the first
Ton time generate the minimum continuous heating pow-
er, wherein the losses, in particular thermal losses in the
induction heating unit, more in particular in the switching
element, are below a predetermined value, in particular
below 20%.

[0069] In particular, the first drive frequency and/or the
second third drive frequency at least essentially are the
same during the first subsequence and/or at the end of
the third subsequence.

[0070] In particular, the third duty cycles and the third
Ton times generate a heating power starting from smaller
than to at least essentially equal to the minimum contin-
uous heating power, in particular from less than 1/10 of
the minimum possible heating power to at least essen-
tially the minimum possible heating power.

[0071] Inparticular, the third duty cycles cause a gentle
activation of the resonant tank with starting from less than
to equal to the minimum continuous drive pulse length,
by generating an oscillation of the resonant tank.
[0072] In particular, the first duty cycle is between 15%
and 50%, morein particular between 20% and 40%, more
in particular between 25% and 35%.

[0073] Inparticular, the third duty cycles are increasing
from at least 1% to below 50%, more in particular from
2% to below 40%, more in particular from 3% to below
35%.

[0074] In particular, the third drive pulse lengths in-
crease stepwise within the third subsequence duration
as predetermined switch-on time from the first third drive
pulse length as start fraction of the minimum drive pulse
length to the first drive pulse length as minimum drive
pulse length.

[0075] As an example, the third drive pulse lengths
might increase from 1us to 11 s by 0.5ps every 100ps,
so that, after 2ms, a minimum continuous drive pulse



9 EP 4 002 955 B1 10

length is obtained.

[0076] In other words, for each period of the second
alternating signal, the switching element is preferably in
a closed state from below 10% to 100% of the minimum
pulse length.

[0077] In particular, the third drive pulse lengths in-
crease from at least 9% to 100% of the minimum pulse
length. In other words, for each period of the second al-
ternating signal, the switching elementisin a closed state
from starting form at least 9% to 100% of the minimum
pulse length.

[0078] In particular, a DC pulse detection means de-
tects the minimum of the DC pulses and hence a DC
pulse duration.

[0079] In particular, the activation start time is a switch-
on time start time for the third duty cycles which is deter-
mined based on the end of the previous DC pulse and
the difference of the DC pulse duration and the third sub-
sequence duration as switch-on time or activation time.
[0080] In particular, a sequence duration detection
means detects a sequence duration as a number of se-
quence DC pulses by stepwise increasing a number of
DC pulses until the variation of the heating power during
a sequence is in the predetermined range.

[0081] In particular, a sequence duration setting
means sets a sequence duration such that the variation
of the heating power is in the predetermined range.
[0082] In particular, the number of DC pulses in a se-
quence determines the sequence duration, wherein the
number of DC pulses in the first subsequence determines
the first subsequence duration, wherein the number of
DC pulses in the second subsequence determines the
second subsequence duration.

[0083] Inparticular, the first subsequence duration and
the second subsequence duration are determined such
that a required power is obtained as heating power.
[0084] In particular, the number of DC pulses in the
first subsequence and the number of DC pulses in the
second subsequence are determined such that a re-
quired power is obtained.

[0085] In particular, the number of DC pulses in the
first subsequence is obtained by multiplying the number
of DC pulses in the sequence with the quotient of the
requested power and the minimum continuous power
with, and, in particular, rounding up or down the result.
[0086] Inparticular,the heating unitcomprises a power
driving control unit for determining the ratio between the
first and the second subsequence duration and/or for de-
termining the first and the second subsequence duration
determined based on a requested power level.

[0087] In particular, the predetermined power is the
minimum continuous power and the requested power is
lower than the predetermined power.

[0088] In particular, the minimum continuous power is
or can be the minimum power, preferably in continuous
operation, for which the switching losses for generating
the heating power and/or the thermal losses for gener-
ating the heating power do not exceed a predetermined
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value.

[0089] In particular, the switching element is a quasi-
resonant switching element.

[0090] The resonant tank is in particular a quasi-reso-
nant oscillation circuit or quasi-resonant tank.

[0091] A quasi-resonant oscillation circuit is in partic-
ular an oscillation circuit wherein the oscillation circuit
can, for excitation, only be switchably connected to one
of the voltage nodes. In other words, preferably, only a
single switching element, in particular quasi-resonant
switching element, exists which can connect the quasi-
resonant tank or quasi-resonant oscillation circuit only to
a single voltage.

[0092] Inparticular,the resonanttank comprisesorcan
comprise a capacitive and an inductive element, in par-
ticular for oscillating the resonant tank.

[0093] In particular, the resonant tank with a capacity
as C as well as an inductance as L corresponds with or
has a resonance frequency F1, which is at least essen-
tially

Fl= 1/ (2*pi*sqgrt (L*C)).

[0094] Hence, for an excitation signal, the period P1
must be at least essentially

Pl = 2*pi*sqrt (L*C)

and correspondingly, the length of a pulse must be at
least approximately or in the range of

L3 = pi*sqgrt (L*C),

if the resonant tank shall be excitated. The resonant tank
is switched off, if the pulse length is much smaller than
the resonance pulse length, in particular if it is smaller
than 1/100 of the resonance pulse length.

[0095] The invention also relates to an induction heat-
ing device, comprising

- atleast one, two, at least two, four, at least four, six
or at least six Induction heating units according to
the invention,

- arectifying means for rectifying an external AC
power supply signal into a pulsed bus DC supply
signal comprising a series of DC pulses for sup-
plying atleastone, two, atleasttwo, four, at least
four, six or at least six Induction heating units
according to the invention,

- apower level defining unit, in particular a user inter-
face, for determining at least one requested power
level of the induction heating device and

- atleastone detecting unit for detecting starting times
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of the DC pulses.

[0096] The invention also relates to method for oper-
ating an induction heating unit, in particular according to
the invention and/or in at least one operating mode, the
method comprising

- by a power requesting unit, requesting a power of
the at least one induction heating element,

- by adriving unit, driving the resonant tank, in partic-
ular oscillating the resonant tank by means of a
switching element, by a driving signal comprising a
series of subsequent sequences for generating a
heating power, each sequence comprising

o a first subsequence with a first alternating sig-
nal and with a first subsequence duration, caus-
ing an activation of the resonant tank with a pre-
determined power,

0 a subsequent second subsequence with an at
least essentially non-alternating signal and with
a second subsequence duration, causing a de-
activation of the resonant tank and

0 a subsequent third subsequence with a sec-
ond alternating signal, causing an activation of
the resonant tank with less than the predeter-
mined power.

[0097] In embodiments, the method for operating an
induction heating unit further comprises by a power driv-
ing control unit, determining the ratio between the first
and the second duration and/or determining the first and
the second duration determined based on a requested
power level, whereinin particular the predetermined pow-
er is the minimum continuous power and the requested
power is lower than the predetermined power (PM).
[0098] The present invention will be described in fur-
ther detail with reference to the drawings, in which

FIG1 shows an induction heating unit according to
an embodiment of the present invention,

FIG2 shows an induction cooking device according
to an embodiment of the present invention,

FIG3 shows an induction cooking device according
to an embodiment of the present invention,

FIG4 shows DC pulses according to an embodiment
of the present invention and

FIG5 showsDC pulses and adriving signal according
to an embodiment of the present invention.

[0099] FIG. 1 shows an induction heating unit 1 ac-

cording to an embodiment of the present invention.
[0100] The induction heating unit 1 comprises a reso-
nant tank 30 with an induction heating element 32, 33.
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[0101] The induction heating unit 1 further comprises
a power requesting unit 60 for requesting a power PR of
the induction heating element 32.

[0102] The induction heating unit 1 further comprises
a driving unit 52 for driving the resonant tank 30, by os-
cillating the resonant tank 30 by means of a switching
element 35, by a driving signal comprising a series of
subsequent sequences for generating a heating power
PH, in particular in at least one operating mode.

[0103] Each sequence comprises

o afirst subsequence S1 with a first alternating signal
and with a first subsequence duration D1, causing
an activation of the resonant tank 30 with a prede-
termined power PM,

0 a subsequent second subsequence S2 with an at
least essentially non-alternating signal and with a
second subsequence duration D2, causing a deac-
tivation of the resonant tank 30 and

0 a subsequent third subsequence S3 with a second
alternating signal, causing an activation of the reso-
nant tank 30 with less than the predetermined power
PM.

[0104] The heating power PH is generated corre-
sponding to the requested power PR.

[0105] In particular, the driving signal 38 toggles be-
tween at least one first driving state resulting in an closed
state or gradually closed state of the switching element
and at least one second driving state resulting in an
opened state of the switching element.

[0106] In particular, the first driving state is determined
by a first driving signal parameter, preferably by a first
driving signal voltage or by a first driving signal current.
In particular, the second driving state is determined by a
second driving signal parameter, preferably by a second
driving signal voltage or by a second driving signal cur-
rent.

[0107] In particular, the first driving state and/or the
second driving state vary between the first, the second
and the third subsequence.

[0108] In the embodiment, preferably the first driving
state and/or the second driving state of the third subse-
quence vary compared to the first driving states and/or
the second driving states of the first subsequence and/or
the second subsequence.

[0109] In the embodiment, preferably the first driving
signal parameter and/or the second driving signal param-
eter of the third subsequence vary compared to the first
driving signal parameters and/or the second driving sig-
nal parameters of the first subsequence and/or the sec-
ond subsequence.

[0110] In the embodiment, the first driving signal volt-
age and/or the second driving signal voltage of the third
subsequence is lower or higher than the first driving sig-
nal voltage and/or the second driving signal voltage of
the first subsequence and the second subsequence.
[0111] In the embodiment, the first driving signal volt-
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age ofthe third subsequence is lower than the first driving
signal voltage of the first subsequence and of the second
subsequence.

[0112] In the embodiment, the first driving signal volt-
age and the second driving signal voltage are (or: corre-
spond to) gate voltages of the switching element.
[0113] In the embodiment, the switching element is or
comprises a transistor, in particular an insulated gate bi-
polar transistor, IGBT.

[0114] Hence, noise at turn-on of the induction heating
element and noise on activation of the resonant tank can
be further reduced. In particular, the switching element
is or can be gradually closed by gradually, preferably
linearly or at least essentially linearly, increasing the first
driving signal voltage, preferably from a predetermined
first voltage value to a predetermined second voltage val-
ue.

[0115] In at least one operating mode, a first subse-
quence duration D1 and a second subsequence duration
D2 are selected such that a variation of the heating power
PH is in a predetermined range.

[0116] The variation of the power PH in relation to the
requested power PR is more than a predetermined min-
imum variation and less than a predetermined maximum
variation.

[0117] The minimum variation is, in an embodiment,
3%, in particular 5%. The maximum variation is, in an
embodiment, 30%, in particular 20%, more in particular
10%.

[0118] As an example, for a requested and/or contin-
uous power of 1000W, the minimum reduction of the
heating power can be 3%, corresponding to a power re-
duction of at least 30W, i. e. to a power of 970W or less,
whereas the maximum reduction of the heating power
can be 30%, corresponding to a power reduction of 300W
or less, i. e. to a power of 700W or more.

[0119] As an example, for a power reduction between
3% and 30%, for an assumed requested and/or contin-
uous power of 1000W, the reduction of the power will or
can result in a power value between 700W and 1000W.
[0120] A subsequent sequence is a sequence which
immediately follows a previous sequence. In particular,
the first sequence is immediately followed by the second
sequence, the second sequence is immediately followed
by the third sequence and the third sequence is imme-
diately followed by the first sequence.

[0121] The resonanttank 30 is supplied with power by
a pulsed supply signal, in particular a pulsed DC supply
signal, more in particular a pulsed DC bus supply signal
21, 22.

[0122] A pulsed DC supply signal comprises DC puls-
es, wherein a DC pulse is a rectified half-period of an
external AC supply signal, in particular of an AC supply
signal with in input voltage of 110 to 240 V and a frequen-
cy of 50 to 60 Hz, wherein in particular the rectified AC
supply signal is smoothened by a filter unit, in particular
a DC capacitor.

[0123] The heating power PH is an effective heating
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power and/or an average heating power, in particular av-
eraged over one, at least one, two, at least two, ten or at
least ten periods of an AC supply signal and/or averaged
over aperiod of 20ms, atleast20ms, 40ms, atleast40ms,
100ms, at least 100ms, 200ms or at least 200ms, more
in particular dependent on the AC supply signal frequen-
cy.

[0124] In particular embodiments, the heating power
is or can be an effective heating power and/or an average
heating power, in particular averaged over a period of 1
to 10 DC pulses. In embodiments, 1 to 10, more in par-
ticular, 2 to 9, DC pulses over a period of 10 DC pulses
contribute or can contribute to the average of power.
[0125] Inembodiments, one ormore (1to 10) DC puls-
es over a period of 10 DC pulses contribute or at least
can contribute to the average of power, in particular to
the effective heating power and/or the average heating
power.

[0126] In particular embodiments, the DC pulse dura-
tion depends on the AC voltage frequency of the AC sup-
ply signal. Preferably, the AC voltage frequency is 50Hz
or 60Hz.

[0127] In embodiments, for a frequency of 50Hz, the
period is 20ms and a DC pulse duration is 10ms, so that
when the heating power is an effective heating power
and/or an average heating power averaged over five pe-
riods, it is averaged over 100ms.

[0128] In embodiments, for a frequency of 60Hz, the
period is about 16.6ms and a DC pulse duration is about
8.3ms, so that when the heating power is an effective
heating power and/or an average heating power aver-
aged over five periods, it is averaged over about 83ms.
[0129] The actual heating power or instantaneous
heating power varies, for example due to the oscillation
of the AC supply signal. Hence, the minimum duration
for measuring an effective heating power is at least one
period or at least two periods of the AC supply signal.
[0130] The heating power PH is an electrical power
consumed by the induction heating unit and/or at least
essentially transferred to a cooking vessel.

[0131] The heating power varies in a predetermined
range between a predetermined minimum variation and
a predetermined maximum variation.

[0132] The actual or instantaneous heating power var-
ies between a predetermined power, in particular a min-
imum continuous heating power PM during the first sub-
sequence and at least essentially a zero power during
the second subsequence by a power difference.

[0133] The minimum continuous heating power is the
minimum continuous heating power where the losses, in
particular thermal losses in the induction heating unit,
more in particular in the switching element, are below a
predetermined value, in particular below 20%.

[0134] The resonant tank has a resonance frequency
which is determined by the capacitive element and the
inductive element which is also influenced by the cou-
pling with a cooking vessel arranged on the induction
heating unit.
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[0135] The first subsequence S1 with first alternating
signals starts at a first starting time T1 of a first DC pulse
P1 and ends at a second starting time T2 of an, in par-
ticular subsequent, second DC pulse P2, with a first sub-
sequence duration D1, a first drive frequency, a first duty
cycle C1 and/or a first Ton time.

[0136] The first subsequence duration D1 is deter-
mined by the duration of the first DC pulse P1 or deter-
mined by the added duration of multiple DC pulses.
[0137] The second subsequence S2 with non-alternat-
ing signals starts at the second starting time T2 of the
second DC pulse P2 and ends at an activation start time
T2a, at a third subsequence duration D3 before a third
starting time T3 of the third DC pulse P3, in particular at
a third subsequence duration D3 between the second
starting time T2 of a second DC pulse P2 and the third
starting time T3 of the DC third pulse P3.

[0138] Thesecondsubsequence S2hasa second sub-
sequence duration D2, a second drive frequency of at
least essentially zero, a second duty cycle of at least
essentially zero C2 and a first Ton time of at least essen-
tially zero.

[0139] The second subsequence duration D2 is deter-
mined by the duration of the second DC pulse P2 or equal
to the added duration of multiple DC pulses, minus the
third subsequence duration D3.

[0140] The third subsequence S3 with second alter-
nating signals starts at an activation start time T2a, a
third subsequence duration D3 before the third starting
time T3 of a third DC pulse P3, between a second starting
time T2 of a second DC pulse P2 and a third starting time
T3 of the DC third pulse P3, and ends at the starting time
T3 of the third DC pulse P3, with a third drive frequency
as well as duty cycles and/or a Ton time increasing from
the second duty cycle or second Ton time to the third
duty cycle C3 or third Ton time.

[0141] The third subsequence duration D3 is less than
30%, in particular less than 20%, more in particular equal
to 10% or less than 10% of the DC pulse duration.
[0142] The first alternating signal C1 is a pulse wave
and/or comprises a, in particular constant, first drive
pulselength, in particular Ton time and/or Tofftime and/or
a first duty cycle and/or first frequency.

[0143] The first alternating signal generates the pre-
determined power, in particular the minimum continuous
heating power by means of the resonant tank 30.
[0144] The first duty cycle C1 causes an activation of
the resonant tank 30 with a predetermined minimum con-
tinuous heating power PM, by generating an oscillation
of the resonant tank 30.

[0145] If the first Ton time and/or the first duty cycle
are further reduced, the switching losses are increased,
as the switchingis performed in the so called hard switch-
ing region, wherein an at least relatively large voltage is
switched together with at least relatively large current.
[0146] The first duty cycle is between 15% and 50%,
more in particular between 20% and 40%, more in par-
ticular between 25% and 30%.
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[0147] Thefirst pulse length is between 15% and 50%,
more in particular between 20% and 40%, more in par-
ticular between 25% and 30% of the wavelength
2*pi*sqrt(L*C) at the resonance frequency
1/(2*pi*sqrt(L*C)). In other words, for each period of the
driving signal, the switching element 35 is in a closed
state only between 15% and 50%, more in particular be-
tween 20% and 40%, more in particular between 25%
and 30% of the wavelength 2*pi*sqrt(L*C) at the reso-
nance frequency 1/(2*pi*sqrt(L*C)).

[0148] The at least essentially non-alternating signal
C2 with a second pulse length, a second duty cycle and
a second frequency at least essentially deactivates or
shuts off the resonant tank. In particular, the non-alter-
nating signal C2 is a constant signal, which is more in
particular constantly zero.

[0149] Thesecondduty cycle C2causes adeactivation
of the resonant tank 30, as due to the zero or at least
short opening time based on the zero or at least short
pulse length, a charging for a series resonant tank or
discharging for a parallel resonant tank of the capacitive
element and hence an activation of the resonant tank
does not occur.

[0150] The second duty cycle is between 0 and 1/10,
more in particular between 0 and 1/30, more in particular
between 0 and 1/100. In other words, for each period of
the driving signal, the switching element 35 is in a closed
state only between 0 and 1/10, more in particularbetween
0 and 1/30, more in particular between 0 and 1/100 of
each switching period.

[0151] The pulse length is between 0 and 1/10, more
in particular between 0 and 1/30, more in particular be-
tween 0 and 1/100 of the wavelength pi*sqrt(L*C) at the
resonance frequency pi*sqrt(L*C). In other words, for
each period of the driving signal, the switching element
35 is in a closed state only between 1/1000 and 1/10,
more in particular between 1/1000 and 1/100, more in
particular between 2/1000 and 20/1000 of the wave-
length 2*pi*sqrt(L*C) at the resonance frequency
1/(2*pi*sqrt(L*C)).

[0152] The wavelength at the resonance frequency is
the inverse value of the resonance frequency.

[0153] The second alternating signal C3 comprises in-
creasing third drive pulse lengths, in particular increasing
third Ton times, increasing third duty cycles and/or an,
in particular at least essentially constant, third drive fre-
quency.

[0154] The second alternating signal C3 generates a
heating power starting from less than to at least essen-
tially equal to the minimum continuous power in the res-
onant tank 30.

[0155] The third drive pulse lengths and/or third duty
cycles and/or a Ton times are in particular increasing
linearly and/or stepwise from a first third drive pulse
length, a first third duty cycle and a first third drive Ton
time on the one hand to a second third drive pulse length,
a second third duty cycle and a second third drive Ton
time.
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[0156] The second third duty cycle C2 or second third
Ton time is at least essentially identical to the first duty
cycle C1 or the first Ton time.

[0157] The first and third drive frequency are at least
essentially the resonance frequency of the resonant tank.
[0158] A resonance detection means detects an oscil-
lation duration of the resonance tank, in particular by de-
termining a dropping of the voltage in the resonance tank.
[0159] A Toff time is obtained by the difference of os-
cillation duration and/or the inverse of the drive frequency
and the Ton time.

[0160] The first duty cycle C1 and the first Ton time
generate the minimum continuous heating power, where-
in the losses, in particular thermal losses in the induction
heating unit, more in particular in the switching element,
are below a predetermined value, in particular below
20%.

[0161] The first drive frequency and the second third
drive frequency at least essentially are the same during
the first subsequence and at the end of the third subse-
quence.

[0162] The third duty cycles C3 and the third Ton times
generate a heating power starting from smaller than to
at least essentially equal to the minimum continuous
heating power, in particular from less than 1/10 of the
minimum possible heating power to at least essentially
the minimum possible heating power.

[0163] The third duty cycles C3 cause a gentle activa-
tion of the resonant tank 30 with starting from less than
to equal to the minimum continuous drive pulse length
PM, by generating an oscillation of the resonant tank 30.
[0164] The first duty cycle C1 is between 15% and
50%, more in particular between 20% and 40%, more in
particular between 25% and 35%.

[0165] The third duty cycles C3 are increasing from at
least 1% to below 50%, more in particular from 2% to
below 40%, more in particular from 3% to below 35%.
[0166] The third drive pulse lengths increase stepwise
within the third subsequence duration D3 as predeter-
mined switch-on time from the first third drive pulse length
as start fraction of the minimum drive pulse length to the
first drive pulse length as minimum drive pulse length.
[0167] As an example, the third drive pulse lengths
might increase from 1ps to 11 ps by 0.5ps every 100p.s,
so that, after 2ms, a minimum continuous drive pulse
length is obtained.

[0168] In other words, for each period of the second
alternating signal S3, the switching element 35 is in a
closed state from below 10% to 100% of the minimum
pulse length.

[0169] The third drive pulse lengths increase from at
least 9% to 100% of the minimum pulse length. In other
words, for each period of the second alternating signal
C3, the switching element 35 is in a closed state from
starting form at least 9% to 100% of the minimum pulse
length.

[0170] A DC pulse detection means detects the mini-
mum of the DC pulses and hence a DC pulse duration.
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[0171] The activation starttime T2a is a switch-on time
start time for the third duty cycles which is determined
based on the end of the previous DC pulse and the dif-
ference of the DC pulse duration and the third subse-
quence duration D3 as switch-on time or activation time.
[0172] A sequence duration detection means detects
asequence duration as a number of sequence DC pulses
by stepwise increasing a number of DC pulses until the
variation of the heating power during a sequence is in
the predetermined range.

[0173] A sequence duration setting means sets a se-
quence duration such that the variation and/or reduction
of the heating power is in the predetermined range.
[0174] For example, if the variation and/or reduction of
the heating power shall be in a predetermined range be-
tween 3% and 30%, a sequence duration of 5, 8 or 10
DC pulses may be required. This can also be evaluated
stepwise, by stepwise increasing the number of DC puls-
es.

[0175] The number of DC pulses in a sequence deter-
mines the sequence duration, wherein the number of DC
pulses in the first subsequence determines the first sub-
sequence duration, wherein the number of DC pulses in
the second subsequence determines the second subse-
quence duration.

[0176] The first subsequence duration and the second
subsequence duration are determined such that a re-
quired power is obtained as heating power.

[0177] The number of DC pulses in the first subse-
quence and the number of DC pulses in the second sub-
sequence are determined such that a required power is
obtained.

[0178] The number of DC pulses in the first subse-
quence is obtained by multiplying the number of DC puls-
es in the sequence with the quotient of the requested
power and the minimum continuous power with, and, in
particular, rounding up or down the result.

[0179] The heating unit 2 comprises a power driving
control unit 51 for determining the ratio between the first
and the second duration and/or for determining the first
and the second duration determined based on a request-
ed power level.

[0180] In at least one operating mode, the predeter-
mined power PM is the minimum continuous power and
the requested power PR is lower than the predetermined
power PM. In particular, PM is the minimum continuous
power.

[0181] The switching element 35 is a quasi-resonant
switching element.

[0182] The resonant tank 30 comprises a capacitive
element 31 and an inductive element 32.

[0183] The resonant tank 30 with a capacity 31 as C
as well as aninductance 32 as L corresponds with or has
a resonance frequency F1, which is at least essentially

Fl= 1/ (2*pi*sqgrt (L*C)).
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[0184] Hence, for an excitation signal, the period P1
must be at least essentially

Pl = 2*pi*sqrt (L*C)

and correspondingly, the length L3 of a pulse must be at
least approximately or in the range of

L3 = pi*sqgrt (L*C),

if the resonant tank 30 shall be excitated. The resonant
tank 30 is switched off, if the pulse length is much smaller
than the resonance pulse length, in particular if itis small-
er than 1/100 of the resonance pulse length.

[0185] The induction heating device 1 comprises at
least one, two, at least two, four, at least four, six or at
least six induction heating units 2.

[0186] The induction heating device 1 further compris-
es a rectifying means 10 for rectifying an external AC
power supply signal into a pulsed bus DC supply signal
comprising a series of DC pulses for supplying at least
one, two, at least two, four, at least four, six or at least
six induction heating units 2.

[0187] The induction heating device 1 comprises a
power level defining unit 60, in particular a user interface,
for determining at least one requested power level of the
induction heating device 1.

[0188] Further, the induction heating device 1 compris-
es at least one detecting unit for detecting starting times
of the DC pulses.

[0189] FIG. 2 and 3 show an induction cooking appli-
ance 1, in particular domestic induction cooking appli-
ance and/or induction hob, comprising one, at least one,
two, at least two, four, at least four, six or at least six
oscillation circuits.

[0190] The induction cooking appliance 1 comprises a
user interface 60 for requesting a power for the quasi-
resonant oscillation circuit.

[0191] The induction cooking appliance 1 comprises a
voltage supply unit 10 for supplying voltage to the power
supply connector of the oscillation circuits.

[0192] Inanembodiment, the induction hob 1 compris-
es four oscillation circuits, which each comprise an in-
ductor, as well as a user interface 60 for requesting power
from each of the inductors.

[0193] A domestic induction cooking appliance is in
particular an induction cooking appliance which is spe-
cifically designed for use in household and/or at home.
Such devices have considerably different requirements
compared to professional cooking appliances, for exam-
ple cost and/or usability and/or space requirements. A
domestic induction cooking appliance is in particular not
an induction cooking appliance which is specifically de-
signed for professional use, for example in canteen kitch-
ens, restaurants or in general for commercial cooking.
[0194] The voltage supply unit 10 comprises a bridge
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rectifier and/or a bus capacitor 11.

[0195] The voltage supply unit 10 is in particular, more
in particular only, supplied with power by a one-phase
power supply, which in particular means that the voltage
supply unit 10 is supplied with power by a phase connec-
tor and neutral connector, which in particular supply pow-
er from an AC power supply with a frequency of about
50 to 60 Hz and a voltage of about 100 to 240 V.
[0196] As an example, FIG 3 shows four oscillation
units 2 according to the invention, wherein a first power
supply 10 supplies power from a first voltage phase to
two oscillation units 2 by means of a first DC bus. A sec-
ond power supply 10 supplies power from a second volt-
age phase to two oscillation units 2 by means of a second
DC bus.

[0197] Inamore general approach, afirstpower supply
10 supplies power from a first voltage phase to at least
two oscillation units 2, for example by means of a first
DC bus. A second power supply 10 supplies power from
a second voltage phase to at least two oscillation units
2, for example by means of a second DC bus.

[0198] The resonant tank 30, in particular quasi-reso-
nant resonant tank 2, which can also be called an induc-
tion generator, produces power based on a working rou-
tine with the two phases Ton as ON time and Toff as OFF
time.

[0199] During the Ton phase, the switching element
35 is closed and current flows through it, accumulating
power in the inductor 32. The voltage VCE across the
switching element 35 is short-circuited to ground 22 so
its value is 0.

[0200] During the Toff phase, instead, the switching
element 35 is open so that current and voltage resonate
in the resonant tank 30.

[0201] Inthe embodiment, the switching element 35 is
or at least can be an IGBT (insulated gate bipolar tran-
sistor), and preferably the transistor 36 and the diode 37
are operated in parallel.

List of reference numerals

[0202]

1 Induction hob

2 Oscillation circuit

10 Power supply circuit

11 DC bus capacitor

21 First node

22 Second node

23 Third node

30 Resonant tank

31 Capacitive resonant element
32,33 Inductive resonant element
35 Switching element

36 Transistor

37 Diode

38 Driving signal

40 Measuring unit
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50 Control unit

51 Power driving control unit

52 Driving unit

60 Power level defining unit

C1to C3 First to third duty cycle

D1to D3  First to third duration

P1to P5  First to fifth DC pulse

S1toS3  First to third subsequence

T1to T6 First to sixth starting time of DC pulse
PH Heating power

PM Predetermined power

PR Requested power

VCE Resonator voltage

VBUS DC supply voltage

VGND Ground voltage

VMAIN AC voltage supply

Claims

1. Induction heating unit (1) for a cooking device, in

2,

particular for an induction cooking device, more par-
ticularly for an induction hob, comprising

- at least one resonant tank (30) with at least
one induction heating element (32),

- a power requesting unit (60) for requesting a
power (PR) of the at least one induction heating
element (32),

- a driving unit (52) for driving the resonant tank
(30), in particular by oscillating the resonant tank
(30) by means of a switching element (35), by a
driving signal (38) comprising a series of subse-
quentsequences for generating a heating power
(PH), characterised by

each sequence comprising

o afirst subsequence (S1) with afirst alternating
signal and with a first subsequence duration
(D1), causing an activation of the resonant tank
(30) with a predetermined power (PM),

0 a subsequent second subsequence (S2) with
an atleast essentially non-alternating signal and
with asecond subsequence duration (D2), caus-
ing a deactivation of the resonant tank (30) and
0 a subsequent third subsequence (S3) with a
second alternating signal and with a third sub-
sequence duration (D3), causing an activation
of the resonant tank (30) with less than the pre-
determined power (PM).

Induction heating unit according to claim 1,

- wherein the driving signal (38) toggles or is
configured to toggle, in particular in at least one
or in each subsequence, between at least one
first driving state, in particular resulting in an at
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least essentially closed state of the switching
element (35), and at least one second driving
state, in particular resulting in an at least essen-
tially opened state of the switching element (35),
- wherein in particular the first driving state is
determined by a first driving signal parameter,
preferably by a first driving signal voltage or by
afirst driving signal current, and the second driv-
ing state is determined by a second driving sig-
nal parameter, preferably by a second driving
signal voltage or by a second driving signal cur-
rent,

- wherein in particular the first driving state
and/or the second driving state vary between
the first, the second and/or the third subse-
quence,

- wherein in particular the first driving signal pa-
rameter and/or the second driving signal param-
eter of the third subsequence vary compared to
the first driving signal parameters and/or the
second driving signal parameters of the first sub-
sequence and/or the second subsequence,

- wherein in particular the first driving signal volt-
age and/or the second driving signal voltage of
the third subsequence is/are lower or higher
than the first driving signal voltage and/or the
second driving signal voltage of the first subse-
quence and/or the second subsequence,

- wherein in particular the first driving signal volt-
age and/or the second driving signal voltage are
gate voltages of the switching element (35),
-wherein in particular the switching element (35)
is or comprises a transistor, more in particular
an insulated gate bipolar transistor, IGBT.

Induction heating unit according to claim 1 or 2,
wherein the heating power (PH) is generated corre-
sponding to the requested power (PR).

Induction heating unit according to claim 1, 2 or 3,

wherein, in at least one operating mode, a first sub-
sequence duration (D1) and a second subsequence
duration (D2) are selected such that a variation
and/or reduction of the heating power (PH) is in a
predetermined range, in particular such that the var-
iation and/or reduction of the power (PH) in relation
to the requested power (PR) is more than a prede-
termined minimum variation and/or reduction and
less than a predetermined maximum variation and/or
reduction, wherein more in particular the minimum
variation and/or reduction is 3%, in particular 5%
and/or wherein the maximum variation and/or reduc-
tionis 30%, in particular 20%, more in particular 10%.

Induction heating unit according to any one of the
preceding claims,

wherein the first subsequence (S1) with first alter-
nating signals starts at a first starting time (T1) of a
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first DC pulse (P1) and ends at a second starting
time (T2) of an, in particular subsequent, second DC
pulse (P2), with a first subsequence duration (D1),
a first drive frequency, a first duty cycle (C1) and/or
afirst Ton time, wherein in particular the first subse-
quence duration (D1) is determined by and/or atleast
essentially equal to the duration of the first DC pulse
(P1) or determined by and/or at least essentially
equal to the added duration of multiple DC pulses.

Induction heating unit according to any one of the
preceding claims,

wherein the second subsequence (S2) with non-al-
ternating signals starts at the second starting time
(T2) of the/a second DC pulse (P2) and ends at an
activation start time (T2a), at a third subsequence
duration (D3) before a third starting time (T3) of a
third DC pulse (P3), in particular at a third subse-
quence duration (D3) between the second starting
time (T2) of a second DC pulse (P2) and the third
starting time (T3) of the DC third pulse (P3), with a
second subsequence duration (D2), a second drive
frequency of at least essentially zero, a second duty
cycle of atleast essentially zero (C2) and/or a second
Ton time of at least essentially zero, wherein in par-
ticular the second subsequence duration (D2) is de-
termined by the duration of the second DC pulse (P2)
or equal to the added duration of multiple DC pulses,
minus the third subsequence duration (D3).

Induction heating unit according to any one of the
preceding claims,

wherein the third subsequence (S3) with second al-
ternating signals starts at an activation start time
(T2a), a third subsequence duration (D3) before the
third starting time (T3) of a third DC pulse (P3), be-
tween a second starting time (T2) of a second DC
pulse (P2) and a third starting time (T3) of the DC
third pulse (P3), and ends at the starting time (T3)
ofthe third DC pulse (P3), with a third drive frequency
as well as duty cycles and/or a Ton time increasing
from a third duty cycle or third Ton time to the first
duty cycle (C1) or first Ton time, wherein in particular
the third subsequence duration (D3) is less than
30%, in particular less than 20%, more in particular
equal to 10% or less than 10% of the DC pulse du-
ration,

- wherein in particular the or a first driving signal
voltage and/or the or a second driving signal
voltage of the third subsequence is/are lower or
higher than the or a first driving signal voltage
and/or the or a second driving signal voltage of
the first subsequence and/or the second subse-
quence,

-wherein in particular the first driving signal volt-
age and/or the second driving signal voltage are
gate voltages of the switching element (35),
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-wherein in particular the switching element (35)
is or comprises a transistor, more in particular
an insulated gate bipolar transistor, IGBT.

Induction heating unit according to any one of the
preceding claims,

wherein the first alternating signal (C1) is a pulse
wave and/or comprises a, in particular constant, first
drive pulse length, in particular Ton time and/or Toff
time and/or a first duty cycle and/or first frequency,
wherein the first alternating signal generates the pre-
determined power (PM).

Induction heating unit according to any one of the
preceding claims,

wherein the at least essentially non-alternating sig-
nal (C2) with a second pulse length, a second duty
cycle and a second frequency at least essentially
deactivates or shuts off the resonant tank, in partic-
ular wherein the non-alternating signal (C2) is a con-
stant signal, which is more in particular constantly
zero.

Induction heating unit according to any one of the
preceding claims,

wherein the second alternating signal (C3) compris-
es increasing third drive pulse lengths, in particular
increasing third Ton times, increasing third duty cy-
cles and/or an, in particular at least essentially con-
stant, third drive frequency and/or generates a heat-
ing power starting from less than to at least essen-
tially equal to the minimum continuous power in the
resonant tank (30) and/or to the predefined and/or
requested power,

- wherein in particular the/a first driving signal
voltage and/or the/a second driving signal volt-
age of the third subsequence is/are lower or
higher than the first driving signal voltage and/or
the second driving signal voltage of the first sub-
sequence and/or the second subsequence,

- wherein in particular the first driving signal volt-
age and/or the second driving signal voltage are
gate voltages of the switching element (35),
-wherein in particular the switching element (35)
is or comprises a transistor, more in particular
an insulated gate bipolar transistor, IGBT.

Induction heating unit according to any one of the
preceding claims,

wherein a sequence duration detection means
detects a sequence duration as a number of se-
quence DC pulses by stepwise increasing a
number of DC pulses until the variation of the
heating power during a sequence is in a prede-
termined range and/or

wherein a sequence duration setting means sets
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a sequence duration such that the variation of
the heating power is in the/a predetermined
range.

26

DC supply signal comprising a series of DC
pulses for supplying the at least one, two,
at least two, four, atleast four, six or at least
six induction heating units and/or

12. Induction heating unit according to any one of the %
preceding claims, - a power level defining unit (60), in particular a
user interface, for determining at least one re-
wherein the number of DC pulses in a sequence quested power level of the induction heating de-
determines the sequence duration, wherein the vice (1) and/or
number of DC pulses in the first subsequence 10 - atleast one detecting unit for detecting starting

determines the first subsequence duration,
wherein the number of DC pulses in the second

times of the DC pulses.

subsequence determines the second subse-
quence duration, and/or
wherein the first subsequence duration and the 75

15. Method for operating an induction heating unit (1),
in particular according to any one of the preceding
claims 1 to 13, the method comprising

second subsequence duration are determined
such that a required power is obtained as heat-
ing power, and/or

wherein the number of DC pulses in the first sub-

comprising in particular

- arectifying means for rectifying an external
AC power supply signal into a pulsed bus

14

- by a power requesting unit (60), requesting a
power (PR) of the at least one induction heating
element (32),

sequence and the number of DC pulses in the 20 - by a driving unit (52), driving the resonant tank
second subsequence are determined such that (30), in particular oscillating the resonant tank
arequired power is obtained, and/or wherein the (30) by means of a switching element (35), by a
number of DC pulses in the first subsequence driving signal comprising a series of subsequent
is obtained by multiplying the number of DC sequences for generating a heating power (PH),
pulses in the sequence with the quotient of the 25 characterised by each sequence comprising
requested power and the minimum continuous
power and, in particular, rounding up or down o afirst subsequence (S1) with a first alter-
the result. nating signal and with a first subsequence
duration (D1), causing an activation of the
13. Induction heating unit according to any one of the 30 resonant tank (30) with a predetermined
preceding claims, with power (PM),
0 a subsequent second subsequence (S2)
- apower driving control unit (51) for determining with an at least essentially non-alternating
the ratio between the first subsequence duration signal and with a second subsequence du-
and the second subsequence duration and/or 35 ration (D2), causing a deactivation of the
for determining the first subsequence duration resonant tank (30) and
and the second subsequence duration based on o asubsequent third subsequence (S3) with
a requested power level, and/or a second alternating signal, causing an ac-
- wherein in particular the predetermined power tivation of the resonant tank (30) with less
(PM) is the minimum continuous power and/or 40 than the predetermined power (PM).
wherein the requested power (PR) is lower than
the predetermined power, and/or 16. Method for operating an induction heating unit (1)
- the switching element (35) being a quasi-res- according to claim 15, the method further comprising
onant switching element and/or
- the resonant tank (30) comprising a capacitive 45 -byapowerdriving control unit (51), determining
and an inductive element. the ratio between the first subsequence duration
and the second subsequence duration and/or
14. Induction cooking device (1) with at least one induc- determining the first subsequence duration and
tion heating unit according to any one of the preced- the second duration determined based on a re-
ing claims, comprising 50 quested power level (PR), wherein in particular
the predetermined power (PM) is the minimum
- at least one, two, at least two, four, at least continuous power and the requested power
four, six or at least six induction heating units (PR) is lower than the predetermined power
according to one of the preceding claims, further (PM) .
55
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Patentanspriiche

1.

2,

Induktionsheizeinheit (1) fur eine Kochvorrichtung,
insbesondere fir eine Induktionskochvorrichtung,
spezieller fir ein Induktionskochfeld, die Folgendes
umfasst

- mindestens einen Resonanzkreis (30) mit min-
destens einem Induktionsheizelement (32),

- eine Leistungsanforderungseinheit (60) zum
Anfordern einer Leistung (PR) des mindestens
einen Induktionsheizelements (32),

- eine Ansteuereinheit (52) zum Ansteuern des
Resonanzkreises (30), insbesondere durch
Schwingen des Resonanzkreises (30) mittels ei-
nes Schaltelements (35), durch ein Ansteuersi-
gnal (38), das zum Erzeugen einer Heizleistung
(PH) eine Reihe von nachfolgenden Sequenzen
umfasst, dadurch gekennzeichnet, dass jede
Sequenz Folgendes umfasst

o eine erste Untersequenz (S1) mit einem
ersten alternierenden Signal und mit einer
ersten Untersequenzdauer (D1), die eine
Aktivierung des Resonanzkreises (30) mit
einer vorbestimmten Leistung (PM) bewirkt,
o eine nachfolgende zweite Untersequenz
(S2) mit einem mindestens im Wesentli-
chen nicht alternierenden Signal und mit ei-
ner zweiten Untersequenzdauer (D2), die
eine Deaktivierung des Resonanzkreises
(30) bewirkt, und

o eine nachfolgende dritte Untersequenz
(S3) mit einem zweiten alternierenden Sig-
nal und mit einer dritten Untersequenzdau-
er (D3), die eine Aktivierung des Resonanz-
kreises (30) mit weniger als der vorbe-
stimmten Leistung (PM) bewirkt.

Induktionsheizeinheit nach Anspruch 1,

- wobei das Ansteuersignal (38) insbesondere
in mindestens einer oder in jeder Untersequenz
zwischen mindestens einem ersten Ansteuer-
zustand, was insbesondere in einem mindes-
tens im Wesentlichen geschlossenen Zustand
des Schaltelements (35) resultiert, und mindes-
tens einem zweiten Ansteuerzustand, was ins-
besondere in einem mindestens im Wesentli-
chen gedffneten Zustand des Schaltelements
(35) resultiert, umschaltet oder dazu ausgelegt
ist, dazwischen umzuschalten,

- wobei insbesondere der erste Ansteuerzu-
stand durch einen ersten Ansteuersignalpara-
meter, vorzugsweise durch eine erste Ansteu-
ersignalspannung oder durch einen ersten An-
steuersignalstrom, und der zweite Ansteuerzu-
stand durch einen zweiten Ansteuersignalpara-
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meter, vorzugsweise durch eine zweite Ansteu-
ersignalspannung oder durch einen zweiten An-
steuersignalstrom bestimmt wird,

- wobei insbesondere der erste Ansteuerzu-
stand und/oderder zweite Ansteuerzustand zwi-
schen der ersten, der zweiten und/oder der drit-
ten Untersequenz variieren,

- wobei insbesondere der erste Ansteuersignal-
parameter und/oder der zweite Ansteuersignal-
parameter der dritten Untersequenz verglichen
mit den ersten Ansteuersignalparametern
und/oder den zweiten Ansteuersignalparame-
tern der ersten Untersequenz und/oder der
zweiten Untersequenz variieren,

- wobei insbesondere die erste Ansteuersignal-
spannung und/oder die zweite Ansteuersignal-
spannung der dritten Untersequenz niedriger
oder héher als die erste Ansteuersignalspan-
nung und/oder die zweite Ansteuersignalspan-
nung der ersten Untersequenz und/oder der
zweiten Untersequenz ist/sind,

- wobei insbesondere die erste Ansteuersignal-
spannung und/oder die zweite Ansteuersignal-
spannung Gatespannungen des Schaltele-
ments (35) sind,

- wobei insbesondere das Schaltelement (35)
ein Transistor ist, spezieller ein Bipolartransistor
mit offener Gate-Elektrode, IGBT, oder einen
solchen umfasst.

Induktionsheizeinheit nach Anspruch 1 oder 2, wo-
bei die Heizleistung (PH) entsprechend der angefor-
derten Leistung (PR) erzeugt wird.

Induktionsheizeinheitnach Anspruch 1, 2 oder 3, wo-
bei mindestens in einem Betriebsmodus eine erste
Untersequenzdauer (D1) und eine zweite Unterse-
quenzdauer (D2) derart ausgewahlt werden, dass
eine Variierung und/oder eine Reduzierung der
Heizleistung (PH) in einem vorbestimmten Bereich
liegt, insbesondere derart, dass die Variierung
und/oder die Reduzierung der Leistung (PH) mit Be-
zug auf die angeforderte Leistung (PR) groReristals
eine vorbestimmte minimale Variierung und/oder
Reduzierung und kleiner ist als eine vorbestimmte
maximale Variierung und/oder Reduzierung, wobei
spezieller die minimale Variierung und/oder Redu-
zierung 3 % betragt, insbesondere 5 %, und/oder
wobei die maximale Variierung und/oder Reduzie-
rung 30 % betragt, insbesondere 20 %, spezieller 10
%.

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei die erste Untersequenz (S1) mit ersten alter-
nierenden Signalen zu einer ersten Startzeit (T1) ei-
nes ersten DC-Impulses (P1) startet und zu einer
zweiten Startzeit (T2) eines, insbesondere nachfol-
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genden, zweiten DC-Impulses (P2) endet, und zwar
mit einer ersten Untersequenzdauer (D1), einer ers-
ten Ansteuerfrequenz, einem ersten Tastverhaltnis
(C1) und/oder einer ersten Ton-Zeit, wobei insbe-
sondere die erste Untersequenzdauer (D1) durch
die Dauer des ersten DC-Impulses (P1) bestimmt
wird und/oder mit dieser mindestens im Wesentli-
chen gleich ist oder durch die addierte Dauer von
mehreren DC-Impulsen bestimmt wird und/oder mit
dieser mindestens im Wesentlichen gleich ist.

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei die zweite Untersequenz (S2) mit nicht alter-
nierenden Signalen zur zweiten Startzeit (T2) des/ei-
nes zweiten DC-Impulses (P2) startet und zu einer
Aktivierungsstartzeit (T2a) bei der dritten Unterse-
quenzdauer (D3) vor einer dritten Startzeit (T3) eines
dritten DC-Impulses (P3), insbesondere bei einer
dritten Untersequenzdauer (D3) zwischen der zwei-
ten Startzeit (T2) eines zweiten DC-Impulses (P2)
und der dritten Startzeit (T3) des dritten DC-Impulses
(P3) endet, und zwar mit einer zweiten Unterse-
quenzdauer (D2), einer zweiten Ansteuerfrequenz
von mindestens im Wesentlichen null, einem zwei-
ten Tastverhaltnis von mindestens im Wesentlichen
null (C2) und/oder einer zweiten Ton-Zeit von min-
destens im Wesentlichen null, wobei insbesondere
die zweite Untersequenzdauer (D2) durch die Dauer
des zweiten DC-Impulses (P2) bestimmt wird oder
mit der addierten Dauer von mehreren DC-Impulsen
gleich ist minus der dritten Untersequenzdauer
(D3) .

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei die dritte Untersequenz (S3) mit zweiten al-
ternierenden Signalen zu einer Aktivierungsstartzeit
(T2a) bei einer dritten Untersequenzdauer (D3) von
der dritten Startzeit (T3) eines dritten DC-Impulses
(P3) zwischen einer zweiten Startzeit (T2) eines
zweiten DC-Impulses (P2) und einer dritten Startzeit
(T3) des dritten DC-Impulses (P3) startet und zur
Startzeit (T3) des dritten DC-Impulses (P3) endet,
und zwar mit einer dritten Ansteuerfrequenz sowie
mit Tastverhéltnissen und/oder einer Ton-Zeit, die
gegenuber einem dritten Tastverhaltnis oder einer
dritten Ton-Zeit auf das erste Tastverhaltnis (C1)
oder die erste Ton-Zeit erhoht sind, wobei insbeson-
dere die dritte Untersequenzdauer (D3) weniger be-
tragt als 30 %, insbesondere weniger als 20 %, spe-
zieller gleich 10 % oder weniger als 10 % der DC-
Impulsdauer,

- wobei insbesondere die oder eine erste An-
steuersignalspannung und/oder die oder eine
zweite Ansteuersignalspannung der dritten Un-
tersequenz niedriger oder hdher als die oder ei-
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ne erste Ansteuersignalspannung und/oder die
oder eine zweite Ansteuersignalspannung der
ersten Untersequenz und/oder der zweiten Un-
tersequenz ist/sind,

- wobei insbesondere die erste Ansteuersignal-
spannung und/oder die zweite Ansteuersignal-
spannung Gatespannungen des Schaltele-
ments (35) sind,

- wobei insbesondere das Schaltelement (35)
ein Transistor ist oder einen solchen umfasst,
spezieller ein Bipolartransistor mit offener Gate-
Elektrode, IGBT.

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei das erste alternierende Signal (C1) eine Im-
pulswelle istund/oder eine, insbesondere konstante,
erste Ansteuerimpulslange, insbesondere Ton-Zeit
und/oder Toff-Zeit und/oder ein erstes Tastverhalt-
nis und/oder eine erste Frequenz umfasst, wobei das
erste alternierende Signal eine vorbestimmte Leis-
tung (PM) erzeugt.

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei das mindestens im Wesentlichen nicht alter-
nierende Signal (C2) mit einer zweiten Impulslange,
einem zweiten Tastverhaltnis und einer zweiten Fre-
quenz mindestens im Wesentlichen den Resonanz-
kreis deaktiviert oder abschaltet, insbesondere wo-
bei das nicht alternierende Signal (C2) ein konstan-
tes Signal ist, das spezieller konstant null ist.

Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei das zweite alternierende Signal (C3) zuneh-
mende dritte Ansteuerimpulslangen umfasst, insbe-
sondere zunehmende dritte Ton-Zeiten, zunehmen-
de dritte Tastverhaltnisse und/oder eine, insbeson-
dere mindestens im Wesentlichen konstante, dritte
Ansteuerfrequenz und/oder eine Heizleistung von
weniger als bis mindestens im Wesentlichen gleich
der minimalen kontinuierlichen Leistung des Reso-
nanzkreises (30) und/oder der vordefinierten
und/oder angeforderten Leistung erzeugt,

- wobei insbesondere die/eine erste Ansteuer-
signalspannung und/oder die/eine zweite An-
steuersignalspannung derdritten Untersequenz
niedriger oder hoher als die erste Ansteuersig-
nalspannung und/oder die zweite Ansteuersig-
nalspannung der ersten Untersequenz
und/oder der zweiten Untersequenz ist/sind,

- wobei insbesondere die erste Ansteuersignal-
spannung und/oder die zweite Ansteuersignal-
spannung Gatespannungen des Schaltele-
ments (35) sind,

- wobei insbesondere das Schaltelement (35)
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ein Transistorist, spezieller ein Bipolartransistor
mit offener Gate-Elektrode, IGBT, oder einen
solchen umfasst.

11. Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei ein Sequenzdauerdetektionsmittel eine
Sequenzdauer durch schrittweises Erhdhen ei-
ner Anzahl von DC-Impulsen, bis die Variierung
der Heizleistung wahrend einer Sequenz in ei-
nem vorbestimmten Bereich liegt, als eine An-
zahl von Sequenz-DC-Impulsen detektiert
und/oder

wobei ein Sequenzdauereinstellmittel eine Se-
quenzdauer derart einstellt, dass die Variierung
der Heizleistung im/in einem vorbestimmten Be-
reich liegt.

12. Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche,

wobei die Anzahl von DC-Impulsen in einer Se-
quenz die Sequenzdauer bestimmt, wobei die
Anzahl von DC-Impulsen in der ersten Unterse-
quenz die erste Untersequenzdauer bestimmt,
wobei die Anzahl von DC-Impulsen in der zwei-
ten Untersequenz die zweite Untersequenzdau-
er bestimmt und/oder

wobei die erste Untersequenzdauer und die
zweite Untersequenzdauer derart bestimmt
werden, dass eine erforderliche Leistung als ei-
ne Heizleistung erhalten wird, und/oder

wobei die Anzahl von DC-Impulsenin der ersten
Untersequenz und die Anzahl von DC-Impulsen
in der zweiten Untersequenz derart bestimmt
werden, dass eine erforderliche Leistung erhal-
ten wird, und/oder

wobei die Anzahl von DC-Impulsenin der ersten
Untersequenz durch Multiplizieren der Anzahl
von DC-Impulsen in der Sequenz mit dem Quo-
tienten der angeforderten Leistung und der mi-
nimalen kontinuierlichen Leistung und, insbe-
sondere, durch Auf- oder Abrunden des Ergeb-
nisses erhalten wird.

13. Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche mit

- einer Leistungsansteuerungssteuereinheit
(51) zum Bestimmen des Verhaltnisses zwi-
schen der ersten Untersequenzdauer und der
zweiten Untersequenzdauer und/oder zum Be-
stimmen der ersten Untersequenzdauerund der
zweiten Untersequenzdauer auf Basis eines an-
geforderten Leistungsniveaus, und/oder

- wobei insbesondere die vorbestimmte Leis-
tung (PM) die minimale kontinuierliche Leistung
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ist und/oder wobei die angeforderte Leistung
(PR) niedriger ist als die vorbestimmte Leistung
und/oder

- wobei das Schaltelement (35) ein Quasireso-
nanzschaltelement ist und/oder

- wobei der Resonanzkreis (30) ein kapazitives
und ein induktives Element umfasst.

14. Induktionskochvorrichtung (1) mit mindestens einer
Induktionsheizeinheit nach einem der vorhergehen-
den Anspriiche, die Folgendes umfasst

- mindestens eine, zwei, mindestens zwei, vier,
mindestens vier, sechs oder mindestens sechs
Induktionsheizeinheiten nach einem der vorher-
gehenden Anspriiche, die insbesondere ferner
Folgendes umfasst

- ein Gleichrichtmittel zum Gleichrichten eines
externen AC-Leistungsversorgungssignals zu
einem gepulsten Bus-DC-Versorgungsignal,
das eine Reihe von DC-Impulsen zum Versor-
gen der mindestens einen, zwei, mindestens
zwei, vier, mindestens vier, sechs oder mindes-
tens sechs Induktionsheizeinheiten umfasst,
und/oder

- eine Leistungsniveaudefinitionseinheit (60),
insbesondere eine Benutzerschnittstelle, zum
Bestimmen von mindestens einem angeforder-
ten Leistungsniveau der Induktionsheizvorrich-
tung (1) und/oder

- mindestens eine Detektionseinheit zum Detek-
tieren von Startzeiten der DC-Impulse.

15. Verfahren zum Betreiben einer Induktionsheizein-
heit (1), insbesondere gemaR einem der vorherge-
henden Anspriiche 1 bis 13, wobei das Verfahren
Folgendes umfasst

- Anfordern einer Leistung (PR) des mindestens
einen Induktionsheizelements (32) durch eine
Leistungsanforderungseinheit (60),

- Ansteuern des Resonanzkreises (30) durch ei-
ne Ansteuereinheit (52), insbesondere Schwin-
gen des Resonanzkreises (30) mittels eines
Schaltelements (35), durch ein Ansteuersignal,
das zum Erzeugen einer Heizleistung (PH) eine
Reihe von nachfolgenden Sequenzen umfasst,
dadurch gekennzeichnet, dass jede Sequenz
Folgendes umfasst

o eine erste Untersequenz (S1) mit einem
ersten alternierenden Signal und mit einer
ersten Untersequenzdauer (D1), die eine
Aktivierung des Resonanzkreises (30) mit
einervorbestimmten Leistung (PM) bewirkt,
o eine nachfolgende zweite Untersequenz
(S2) mit einem mindestens im Wesentli-
chen nicht alternierenden Signal und mit ei-
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ner zweiten Untersequenzdauer (D2), die
eine Deaktivierung des Resonanzkreises
(30) bewirkt, und

o eine nachfolgende dritte Untersequenz
(S3) mit einem zweiten alternierenden Sig-
nal, die eine Aktivierung des Resonanzkrei-
ses (30) mit weniger als der vorbestimmten
Leistung (PM) bewirkt.

16. Verfahren zum Betreiben einer Induktionsheizein-
heit (1) nach Anspruch 15, wobei das Verfahren fer-
ner Folgendes umfasst

- Bestimmen des Verhaltnisses zwischen der
ersten Untersequenzdauer und der zweiten Un-
tersequenzdauer und/oder Bestimmen der ers-
ten Untersequenzdauer und der zweiten Dauer,
die auf Basis eines angeforderten Leistungsni-
veaus (PR) bestimmt werden, durch eine Leis-
tungsansteuerungssteuereinheit (51), wobei
insbesondere die vorbestimmte Leistung (PM)
die minimale kontinuierliche Leistung ist und die
angeforderte Leistung (PR) niedriger ist als die
vorbestimmte Leistung (PM).

Revendications

1. Unité de chauffage a induction (1) pour un dispositif
de cuisson, en particulier pour un dispositif de cuis-
son a induction, plus particulierement pour une pla-
que a induction, comprenant :

- au moins un réservoir résonant (30) muni d’au
moins un élément de chauffage a induction
(32);

- une unité de demande de puissance (60) pour
demander une puissance (PR) de I'au moins un
élément de chauffage a induction (32) ; et

- une unité de pilotage (52) pour piloter le réser-
voir résonant (30), en particulier en faisant os-
ciller le réservoir résonant (30) au moyen d’un
élément de commutation (35), au moyen d’'un
signal de pilotage (38) comprenant une série de
séquences subséquentes pour générer une
puissance de chauffage (PH), caractérisée en
ce que chaque séquence comprend :

o une premiére sous-séquence (S1) avec
un premier signal alternatif et avec une pre-
miére durée de sous-séquence (D1), qui
provoque une activation du réservoir réso-
nant (30) avec une puissance prédétermi-
née (PM) ;

o une deuxiéme sous-séquence subsé-
quente (S2) avec un signal au moins essen-
tiellement non alternatif et avec une deuxie-
me durée de sous-séquence (D2), qui pro-
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voque une désactivation du réservoir réso-
nant (30) ; et

o une troisieme sous-séquence subséquen-
te (S3) avec un second signal alternatif et
avec une troisieme durée de sous-séquen-
ce (D3), qui provoque une activation du ré-
servoir résonant (30) avec moins que la
puissance prédéterminée (PM).

2. Unitéde chauffage ainduction selon larevendication

- dans laquelle le signal de pilotage (38) est per-
muté ou est configuré pour étre permuté, en par-
ticulier dans au moins une ou dans chaque sous-
séquence, entre au moins un premier état de
pilotage, en particulier aboutissant a un état au
moins essentiellement fermé de I'élément de
commutation (35), et au moins un second état
de pilotage, en particulier aboutissant a un état
au moins essentiellement ouvert de I'élément
de commutation (35) ;

- dans laquelle en particulier le premier état de
pilotage estdéterminé par un premier parameétre
de signal de pilotage, de préférence par une pre-
miere tension de signal de pilotage ou par un
premier courant de signal de pilotage, et le se-
cond état de pilotage est déterminé par un se-
cond parameétre de signal de pilotage, de préfé-
rence par une seconde tension de signal de pi-
lotage ou par un second courant de signal de
pilotage ;

- dans laquelle en particulier le premier état de
pilotage et/ou le second état de pilotage varie(nt)
entre les premiére, deuxiéme et/ou troisieme
sous-séquences ;

- dans laquelle en particulier le premier parame-
tre de signal de pilotage et/ou le second para-
métre de signal de pilotage de la troisieme sous-
séquence varie(nt) par comparaison avec les
premiers parametres de signal de pilotage et/ou
les seconds paramétres de signal de pilotage
de la premiére sous-séquence et/ou de la
deuxiéme sous-séquence ;

- dans laquelle en particulier la premiére tension
de signal de pilotage et/ou la seconde tension
de signal de pilotage de la troisieme sous-sé-
quence sont/est a un niveau plus bas ou a un
niveau plus haut que la premiére tension de si-
gnal de pilotage et/ou la seconde tension de si-
gnal de pilotage de la premiére sous-séquence
et/ou de la deuxiéme sous-séquence ;

- dans laquelle en particulier la premiére tension
de signal de pilotage et/ou la seconde tension
de signal de pilotage sont/est des tensions de
grille de I'élément de commutation (35) ; et

- dans laquelle en particulier I'élément de com-
mutation (35) est ou comprend un transistor, de
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fagon davantage particuliére un transistor bipo-
laire a grille isolée, IGBT.

Unité de chauffage a induction selon la revendication
10u 2, danslaquelle la puissance de chauffage (PH)
est générée en correspondance avec la puissance
demandée (PR).

Unité de chauffage a induction selon la revendication
1, 2 ou 3, dans laquelle, dans au moins un mode de
fonctionnement, une premiére durée de sous-sé-
quence (D1) et une deuxiéme durée de sous-sé-
quence (D2) sont sélectionnées de telle sorte qu’une
variation et/ou une réduction de la puissance de
chauffage (PH) soi(en)t a l'intérieur d’'une plage pré-
déterminée, en particulier de telle sorte que la varia-
tion et/ou la réduction de la puissance (PH) en rela-
tion avec la puissance demandée (PR) soi(en)t su-
périeure(s) a une variation et/ou une réduction mi-
nimum prédéterminée(s) et inférieure(s) a une va-
riation et/ou une réduction maximum prédétermi-
née(s), dans laquelle de fagon davantage particulie-
re la variation et/ou la réduction minimum sont/est
de 3 %, en particulier de 5 % et/ou dans laquelle la
variation et/ou la réduction maximum sont/est de 30
%, en particulier de 20 %, de fagon davantage par-
ticuliere de 10 %.

Unité de chauffage a induction selon I'une quelcon-
que des revendications précédentes,

dans laquelle la premiére sous-séquence (S1) avec
des premiers signaux alternatifs démarre a un pre-
mier temps de début (T1) d’'une premiére impulsion
DC (P1) et se termine a un deuxiéme temps de début
(T2) d’une deuxiéme impulsion DC (P2), en particu-
lier subséquente, avec une premiére durée de sous-
séquence (D1), une premiéere fréquence de pilotage,
un premier rapport cyclique (C1) et/ou un premier
temps Ton, dans laquelle en particulier la premiéere
durée de sous-séquence (D1) est déterminée par la
durée de la premiére impulsion DC (P1) et/ou est au
moins essentiellement égale a cette méme durée de
la premiére impulsion ou est déterminée par la durée
ajoutée de multiples impulsions DC et/ou est au
moins essentiellement égale a cette méme durée
ajoutée.

Unité de chauffage a induction selon I'une quelcon-
que des revendications précédentes,

dans laquelle la deuxieme sous-séquence (S2) avec
des signaux non alternatifs démarre au deuxieme
temps de début (T2) de la/d’'une deuxiéme impulsion
DC (P2) et se termine a un temps de début d’activa-
tion (T2a), a une troisieme durée de sous-séquence
(D3) avant un troisieme temps de début (T3) d’'une
troisieme impulsion DC (P3), en particulier a une troi-
siéme durée de sous-séquence (D3) entre le deuxié-
me temps de début (T2) d’'une deuxieme impulsion

10

15

20

25

30

35

40

45

50

55

19

DC (P2) et le troisieme temps de début (T3) de la
troisieme impulsion DC (P3), avec une deuxiéme du-
rée de sous-séquence (D2), une deuxieme fréquen-
ce de pilotage d’au moins essentiellement zéro, un
deuxieme rapport cyclique d’au moins essentielle-
ment zéro (C2) et/ou un deuxiéme temps Ton d’au
moins essentiellement zéro, dans laquelle en parti-
culier la deuxiéme durée de sous-séquence (D2) est
déterminée par la durée de la deuxieme impulsion
DC (P2) ou est égale a la durée ajoutée de multiples
impulsions DC, moins la troisieme durée de sous-
séquence (D3).

Unité de chauffage a induction selon 'une quelcon-
que des revendications précédentes,

- dans laquelle la troisieme sous-séquence (S3)
avec des seconds signaux alternatifs démarre
a un temps de début d’activation (T2a), a une
troisieme durée de sous-séquence (D3) avant
le troisieme temps de début (T3) d’une troisieme
impulsion DC (P3), entre un deuxieme temps de
début (T2) d’une deuxiéme impulsion DC (P2)
et un troisieme temps de début (T3) de la troi-
sieme impulsion DC (P3), et se termine au
temps de début (T3) de la troisieme impulsion
DC (P3), avec une troisieme fréquence de pilo-
tage de méme que des rapports cycliques et/ou
un temps Ton croissant depuis un troisi€me rap-
port cyclique ou depuis un troisieme temps Ton
jusqu’au premier rapport cyclique (C1) ou jus-
qu’au premier temps Ton, dans laquelle en par-
ticulier la troisieme durée de sous-séquence
(D3) est inférieure a 30 %, en particulier infé-
rieure a 20 %, de fagon davantage particuliere
égale a 10 % ou a moins de 10 % de la durée
d’impulsion DC ;

- dans laquelle en particulier la ou une premiére
tension de signal de pilotage et/ou la ou une
seconde tension de signal de pilotage de la troi-
siéme sous-séquence sont/est inférieure(s) ou
supérieure(s) a la ou une premiére tension de
signal de pilotage et/ou la ou une seconde ten-
sion de signal de pilotage de la premiére sous-
séquence et/ou de la deuxiéeme sous-
séquence ;

- dans laquelle en particulier la premiére tension
de signal de pilotage et/ou la seconde tension
de signal de pilotage sont/est des tensions de
grille de I'élément de commutation (35) ; et

- dans laquelle en particulier I'élément de com-
mutation (35) est ou comprend un transistor, de
facon davantage particuliére un transistor bipo-
laire a grille isolée, IGBT.

8. Unité de chauffage a induction selon I'une quelcon-

que des revendications précédentes,
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- dans laquelle le premier signal alternatif (C1)
est une onde impulsionnelle et/ou comprend
une premiére longueur d’'impulsion de pilotage,
en particulier constante, en particulier un temps
Ton et/ouun temps Toff et/ou un premier rapport
cyclique et/ou une premiére fréquence, dans la-
quelle le premier signal alternatif génere la puis-
sance prédéterminée (PM).

38

de séquence détecte une durée de séquence
en tant que nombre d’impulsions DC de séquen-
ce en augmentant par pas un nombre d’impul-
sions DC jusqu’a ce que la variation de la puis-
sance de chauffage pendant une séquence soit
a l'intérieure d’'une plage prédéterminée et/ou

- dans laquelle un moyen de définition de durée
de séquence définit une durée de séquence de
telle sorte que la variation de la puissance de

9. Unité de chauffage a induction selon I'une quelcon- 70
que des revendications précédentes,

chauffage soit al'intérieur de la/d’une plage pré-
déterminée.

- dans laquelle le signal au moins essentielle-
ment non alternatif (C2) avec une deuxieme lon-

12. Unité de chauffage a induction selon I'une quelcon-
que des revendications précédentes,

que des revendications précédentes,

- dans laquelle un moyen de détection de durée

20

gueur d’impulsion, un deuxieme rapport cycli- 15
que et une deuxieme fréquence désactive ou - dans laquelle le nombre d’impulsions DC dans
coupe au moins essentiellement le réservoir ré- une séquence détermine la durée de séquence,
sonant, en particulier dans laquelle le signal non dans laquelle le nombre d’impulsions DC dans
alternatif (C2) est un signal constant, qui est de la premiére sous-séquence détermine la pre-
fagon davantage particuliere constammentazé- 20 miére durée de sous-séquence, dans laquelle
ro. le nombre d’'impulsions DC dans la deuxieme
sous-séquence détermine la deuxiéme durée
10. Unité de chauffage a induction selon I'une quelcon- de sous-séquence, et/ou
que des revendications précédentes, - dans laquelle la premiére durée de sous-sé-
25 quence et la deuxiéme durée de sous-séquence
- dans laquelle le second signal alternatif (C3) sont déterminées de telle sorte qu’une puissan-
comprend des troisiemes longueurs d’impulsion ce requise soit obtenue en tant que puissance
de pilotage croissantes, en particulier des troi- de chauffage ; et/ou
siemes temps Ton croissants, des troisiemes - dans laquelle le nombre d’impulsions DC dans
rapports cycliques croissants et/ou une troisieé- 30 la premiére sous-séquence et le nombre d’'im-
me fréquence de pilotage en particulier au moins pulsions DC dans la deuxiéme sous-séquence
essentiellement constante et/ou génere une sont déterminés de telle sorte qu'une puissance
puissance de chauffage en démarrant a partir requise soit obtenue ; et/ou
de moins qu’une valeur au moins essentielle- - dans laquelle le nombre d’impulsions DC dans
ment égale a la puissance continue minimum 35 la premiére sous-séquence est obtenu en mul-
dans le réservoir résonant (30) et/ou a la puis- tipliant le nombre d’impulsions DC dans la sé-
sance prédéfinie et/ou demandée ; quence par le quotient de la puissance deman-
- dans laquelle en particulier la/une premiére dée et de la puissance continue minimum et, en
tension de signal de pilotage et/ou la/une secon- particulier, en arrondissant par excés ou par dé-
de tension de signal de pilotage de la troisieme 40 faut le résultat.
sous-séquence sont/est inférieure(s) ou supé-
rieure(s) a la premiére tension de signal de pi- 13. Unité de chauffage a induction selon I'une quelcon-
lotage et/ou a la seconde tension de signal de que des revendications précédentes, comprenant
pilotage de la premiére sous-séquence et/ou de
la deuxiéme sous-séquence ; 45 - une unité de commande de pilotage de puis-
- dans laquelle en particulier la premiére tension sance (51) pour déterminer le rapport entre la
de signal de pilotage et/ou la seconde tension premiére durée de sous-séquence et la deuxié-
de signal de pilotage sont/est des tensions de me durée de sous-séquence et/ou pour déter-
grille de I'élément de commutation (35) ; et miner la premiére durée de sous-séquence et
- dans laquelle en particulier I'élément de com- 50 la deuxieme durée de sous-séquence sur la ba-
mutation (35) est ou comprend un transistor, de se d’un niveau de puissance demandée ; et/ou
fagon davantage particuliére un transistor bipo- - dans laquelle en particulier la puissance pré-
laire a grille isolée, IGBT. déterminée (PM) est la puissance continue mi-
nimum et/ou dans laquelle la puissance deman-
11. Unité de chauffage a induction selon I'une quelcon- 55 dée (PR) est inférieure a la puissance

prédéterminée ; et/ou
- I'élément de commutation (35) est un élément
de commutation quasi résonant ; et/ou
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- le réservoir résonant (30) comprend un élé-
ment capacitif et un élément inductif.

14. Dispositif de cuisson a induction (1) comprenant au
moins une unité de chauffage a induction selon 'une
quelconque des revendications précédentes,
comprenant :

- au moins une, deux, au moins deux, quatre,
au moins quatre, six ou au moins six unités de
chauffage a induction selon I'une quelconque
des revendications précédentes, comprenant
en outre en particulier :

-un moyen de redressement pour redresser
un signal d’alimentation en puissance AC
externe selon un signal d’alimentation DC
de bus pulsé comprenant une série d’'impul-
sions DC pour alimenter les au moins une,
deux, au moins deux, quatre, au moins qua-
tre, six ou au moins six unités de chauffage
a induction ; et/ou

- une unité de définition de niveau de puis-
sance (60), en particulier une interface uti-
lisateur, pour déterminer au moins un ni-
veau de puissance demandée du dispositif
de chauffage a induction (1) ; et/ou

- au moins une unité de détection pour dé-
tecter des temps de début des impulsions
DC.

15. Procédé de fonctionnement d’'une unité de chauffa-
ge ainduction (1), en particulier selon I'une quelcon-
que des revendications précédentes 1 a 13, le pro-
cédé comprenant :

-aumoyen d’une unité de demande de puissan-
ce (60), la demande d’'une puissance (PR) de
I'au moins un élément de chauffage a induction
(32) ; et

- au moyen d’une unité de pilotage (52), le pilo-
tage du réservoir résonant (30), en particulier
I'oscillation du réservoir résonant (30) au moyen
d'un élément de commutation (35), au moyen
d’'un signal de pilotage comprenant une série de
séquences subséquentes pour générer une
puissance de chauffage (PH), caractérisé en
ce que chaque séquence comprend :

o une premiére sous-séquence (S1) avec
un premier signal alternatif et avec une pre-
miére durée de sous-séquence (D1), qui
provoque une activation du réservoir réso-
nant (30) avec une puissance prédétermi-
née (PM) ;

o une deuxiéme sous-séquence subsé-
quente (S2) avec un signal au moins essen-
tiellement non alternatif et avec une deuxie-
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40

me durée de sous-séquence (D2), qui pro-
voque une désactivation du réservoir réso-
nant (30) ; et

o une troisiéme sous-séquence subséquen-
te (S3) avec un second signal alternatif, qui
provoque une activation du réservoir réso-
nant (30) moyennant moins que la puissan-
ce prédéterminée (PM).

16. Procédé de fonctionnement d’'une unité de chauffa-
ge a induction (1) selon la revendication 15, le pro-
cédé comprenant en outre :

- au moyen d’une unité de commande de pilo-
tage de puissance (51), la détermination du rap-
port entre la premiére durée de sous-séquence
et la deuxiéme durée de sous-séquence et/ou
la détermination de la premiére durée de sous-
séquence et de la deuxieme durée de sous-sé-
quence sur la base d’'un niveau de puissance
demandée (PR), dans lequel en particulier la
puissance prédéterminée (PM) estla puissance
continue minimum et la puissance demandée
(PR) est inférieure a la puissance prédétermi-
née (PM).
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